Abstract
Introduction
In East Asia, atmospheric aerosols are a cause of public concern because of the frequent occurrence of haze in mega cities and industrial areas, dust storms in deserts and losses of aerosols and condensable gases and photochemistry of the PAM reactors have 89 been studied to quantitatively understand the experimental results of PAM reactor (Lamb 90 et al., 2015; Palm et al., 2016; 2017; Peng et al., 2015; . 91 In this study, we deployed a PAM reactor at an island site in the Yellow Sea to 92 investigate the photochemical aging of ambient aerosols in sulfated-dominated northeast time concentration of 1.5 x 10 6 molecules cm −3 (Mao et al., 2010) . The OH suppression 159 from VOCs and other OH-reactive gases were calculated using the oxidation chemistry 160 model (Peng et al., 2016) with 30 s -1 of external OH reactivity, representing rural areas 161 (Feiner et al., 2016; Lee et al., 2008; Peng et al., 2016; Yoshino et al., 2006) . Using this OH 162 exposure, the calculated sulfate production matches the measured sulfate increase in the 163 PAM reactor to within 16 % ( Figure S4 -1). 164 The chemical composition of the aerosol particles was measured by a high- 168 Jimenez et al., 2003; DeCarlo et al., 2006; Drewnick et al., 2006) . Detailed descriptions of 169 the HR-ToF-AMS and the sampling site can be found elsewhere (Lee et al., 2015) . For AMS 170 measurements, a composition-dependent collection efficiency was applied by adopting the 171 result of Middlebrook et al. (2012) . Due to the detection range of the SMPS, the 172 enhancement or loss of particles greater than 500 nm in diameter were not observed in 173 SMPS measurement. The particle mass concentration from SMPS was obtained from the 174 volume concentration multiplied by a fixed particle density of 1.4 g cm Administration (NOAA), was used to examine the history of the sampled air masses (Wang 196 et al., 2009). 197 In thist study, therefore, we examined how the air masses reaching Baengnyeong
198
Island were further oxidized during the effective aging time of 4.6 days, which is consistent 199 with transport time from China but slightly longer than the time of typical maximum SOA 200 production from aging (Ortega et al., 2016) under an OH diel-mean of 1.5 x 10 6 molecules 201 cm −3 .
et al., 2015). The PAM particle mass concentration was generally greater than the ambient 213 particle mass concentration.
214
Particle mass concentration distributions of the ambient and PAM aerosol particles 215 were averaged for the entire experiment and their difference is presented in Fig. 3 . In the 216 PAM reactor, the formation of nucleation mode particles were always observed (average 217 dN/dlogDp = 2 x 10 5 cm −3 , see Figure S9 ), but their contribution to the total particle mass 218 concentration was relatively insignificant due to their small sizes of less than 50 nm in 219 diameter (Dp). In comparison, the mass concentration of PAM aerosol particles increased 220 at sizes larger than 200 nm. The averaged particle mass concentration between 50 and 221 200 nm in diameter was enhanced in PAM reactor for the sampling period (Fig 3) , but in 222 detail, particles were either lost or produced in the PAM reactor, depending on the history 223 of the air masses (Figures 5 and Figure S9 ). The formation of nucleation mode particles in 224 PAM reactor were also observed in previous studies (Kang et al., 2011b; Ortega et al., 225 2016; Palm et al., 2016 including NOx, SO 2 , and CO were higher than in the remaining periods (Fig. 4) The difference between AMS measured particle mass concentration and SMPS 264 measured particle mass concentration was greater in sulfate-dominated episodes than in 265 organic-dominated episode (Table 1 and Fig. 2(c) ). The disagreement is largely associated not be ruled out because there are captured by SMPS but not by AMS. while the SO 2 mixing ratios were similar (details in Figure S9 ). This could be evidence for 296 nucleation of the extremely low volatility organic compounds called Highly Oxygenated 297
Molecules (HOMs) (Tröstl et al., 2016 
Formation and evolution of organic aerosols

302
The SMPS mass size distributions highlight the size range of 100~200 nm, where 303 PAM particle mass concentration was reduced for organic-dominated episode (Fig. 5) . A 304 previous study showed that the less oxidized organic aerosols were found more often than 305 more oxidized OAs in particles smaller than 200 nm (Sun et al., 2012) . In addition, the 306 mass concentration of m/z 43 was higher in less oxidized OAs than more oxidized OAs 307 (Sun et al., 2012) . In the present study, the contribution of m/z 43 to total organics was 308 greater in the organics-dominated episode than in the sulfate-dominated episode, and the 309 loss of organics in PAM reactor was also greater in the organics-dominated episode. These 310 results suggest that the less oxidized OAs were more in the organics-dominated episode 311 than in the sulfate-dominated episode. The ratios of O:C were lower for organic-312 dominated aerosol particles than those of sulfate-dominated aerosol particles (Fig. 7) .
313
These results for the particle composition are consistent with the air mass trajectories (Fig.   314 1b), which show that the organic-dominated air masses were relatively less aged than 315 those of the sulfate-dominated episode (Jimenez et al., 2009; Ng et al., 2011 In this study, the measured O:C ratios of the ambient aerosol particles were 337 greater than 0.4 for both episodes (Fig. 7) , which indicates that the observed ambient 338 organic aerosol particles were aged enough to be fragmented. the atmosphere can occur both in the gas phase and through heterogeneous reactions.
364
The gas-phase reaction is tens of times faster than the heterogeneous reaction, being 365 limited by diffusion to the particle surface (Lambe et al., 2012) . In our experiment, it was 366 not feasible to distinguish gas-phase oxidation of semi-volatile organics in equilibrium 367 with the particle phase from heterogeneous oxidation of organics on the particle surface. then heterogeneous oxidation becomes more important (Lambe et al., 2012 This difference in behavior between the two episodes is consistent with the 390 evolution of particle aging. The organic-dominated episode had particles that have been 391 aged less and therefore contain less oxygenated molecules that can be further oxidized.
392
The sulfate-dominated episode had more aged particles that were more depleted in semi-393 volatile organics so that further oxidation would need to proceed through heterogeneous 394 oxidation even though it is slower than gas-phase oxidation. study, the variation in ammonium concentrations was similar to that of sulfate (Fig. 2b) Figure S8 ). In the sulfate-dominated episode, the ammonium in the atmosphere (Ng et al., 2011) (Fig 7) . These results provide good evidence for the The O:C ratios of OAs from this study were plotted against aging time and 448 compared with those observed in east Asia (Fig. 8) , where the O:C ratios were found to with a particle density of 1.4 μg cm -3 , and units are μg cm −3 .
obtained from MS mode AMS measurements, and units are μg cm −3 . 2011-8-4 2011-8-5 2011-8-6 2011-8-7 2011-8-8 2011-8-9 2011-8-10 2011-8-11 2011-8-12 Aerosol Volume Concentration (mm -8-6 2011-8-7 2011-8-8 2011-8-9 2011-8-10 2011-8-11 2011-8-12 Aerosol Volume Concentration (mm T., Riemer, D., Sachse, G. W., Sessions, W., Weber, R. J., Weinheimer, A. J., Wisthaler, A., and
Figure Captions
